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S U M M A R Y
Objective: To assess the trends and determinants of maternal and congenital syphilis in Shanghai, China.
Methods: We conducted a prospective cohort study of maternal and congenital syphilis from 2002 to
2006 in Shanghai, China. We presented the trends of maternal syphilis and congenital syphilis rates and
compared outcomes in infants born to mothers with complete versus incomplete treatment for maternal
syphilis. We also assessed the determinants of compliance to treatment of maternal syphilis and
examined the associations of initial maternal RPR antibody level and gestational age at initiation of
treatment with occurrence of congenital syphilis.
Results: A total of 535 537 pregnant women were included in the analysis. During this period of time,
1471 maternal syphilis cases (298.7 per 100 000 live births) and 334 congenital syphilis cases (62.4 per
100 000 live births) were identiﬁed. Both maternal and congenital syphilis rates increased from 2002
until 2005, with a slight decrease in 2006. The rate of maternal syphilis was 156.2 per 100 000 live births
in Shanghai residents and 371.7 per 100 000 live births in the migrating population (p < 0.001). The
compliance to treatment for maternal syphilis was poorer in womenwith a lower level of education. The
rate of congenital syphilis in infants born tomotherswith incomplete treatment (50.8%)wasmuch higher
than in infants born tomotherswith complete treatment (12.5%). Rates of fetal death, neonatal death, and
major birth defects were 30.4%, 11.0%, and 3.8%, respectively, in the incomplete treatment group; the
corresponding ﬁgures were 5.5%, 0.56%, and 0.46%, respectively, in the complete treatment group. Infant
outcomewas also affected by initial maternal RPR antibody level and time of treatment, withmuch better
outcomes in mothers with low antibody levels and earlier treatment.
Conclusion: There has been a resurgence of congenital syphilis in Shanghai, China, especially in the
migrating population and other populations with a lower socioeconomic status.
 2010 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Syphilis, a rarity for some years, is resurgent in many parts of
the world.1–3 Even in those countries where rates have fallen, focal
outbreaks still occur.
Active infectious syphilis during pregnancy (or maternal
syphilis) can result in congenital syphilis from transplacental
infection, with devastating outcomes in the affected infants. The
resurgence of congenital syphilis has been reported in both China* Corresponding author. Tel.: +1 613 737 8899 ext. 73912; fax: +1 613 739 6266.
E-mail address: swwen@ohri.ca (S.W. Wen).
1201-9712/$36.00 – see front matter  2010 International Society for Infectious Disea
doi:10.1016/j.ijid.2009.09.009and Canada.3,4 After a massive syphilis epidemic in the ﬁrst half of
the 20th century, China was able to eliminate this infection for a
period of 20 years (1960–80). However, substantial changes in
Chinese society have been followed by a resurgent epidemic of
sexually transmitted diseases. According to China’s national
sexually transmitted disease surveillance system and sentinel site
network, the rate of congenital syphilis has increased greatly in
recent years, from 0.01 cases per 100 000 live births in 1991 to
19.68 cases per 100 000 live births in 2005, with an average yearly
rise of 71.9%.4 This suggests that a range of unique biological and
social forces are driving the spread of syphilis in China. The
objectives of this studywere to assess the trends and determinants
of maternal and congenital syphilis in Shanghai, China.ses. Published by Elsevier Ltd. All rights reserved.
Figure 1. Trends in maternal and congenital syphilis, Shanghai, 2002–2006.
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All pregnant women who had their prenatal care services
provided by a hospital or a clinic in Shanghai and delivered their
babies inShanghai between January1, 2002andDecember31, 2006,
were included in this study. All pregnant women had a screening
serological test (rapid plasma reagin (RPR) or Treponema pallidum
particle agglutination) at their initial prenatal visit; only one
screening testwas performed for eachpregnantwomanduring their
entirepregnancy. Thosewith apositive result on screening testwere
tested by T. pallidum hemagglutination for conﬁrmation of the
diagnosis. For this study, maternal syphilis included primary
syphilis, secondary syphilis, and latent syphilis. Primary syphilis
is characterized by a painless chancre with local adenopathy. The
lesion develops at the site of inoculation about 3 weeks after
exposure, but may take up to 90 days to become visible. Nearly all
patients with an untreated infection will progress to secondary
syphilis within 4 to 10 weeks. Widespread hematogenous and
lymphatic dissemination of T. pallidum is characteristic of this stage.
Clinical ﬁndings include fever, malaise, sore throat, headache,
adenopathy, and cutaneous or mucosal rash. Latent syphilis is
deﬁned as positive serological test results without clinical
manifestations. Historical cases (i.e., those >1 year) were not
included in this study. For primary, secondary, and early latent
syphilis, we used benzathine penicillin G (4.8 million units)
intramuscularly in two doses (9.6 million units in total) weekly.
For late latent syphilis, we used benzathine penicillin G (2.4 million
units) intramuscularly in three doses (7.2 million units in total)
weekly. Maternal syphilis cases who received a whole course of
penicillin treatment were considered completely treated, and those
who did not complete a whole course of treatment were considered
incompletely treated. Congenital syphilis is syphilis in an infant
whose mother has transmitted the infection vertically to the fetus.
Relevant demographic and clinical data for maternal syphilis and
congenital syphilis cases were collected using structured forms.
We ﬁrst presented the occurrences and the trends of maternal
and congenital syphilis rates in Shanghai from 2002 to 2006. We
then compared the infant outcomes, including congenital syphilis,
fetal death, neonatal death, and major birth defects, between
infants born tomothers with complete treatment and those born to
mothers with incomplete treatment. Only birth defects with major
morphological or functional importance were considered as
anomalies, while those with only cosmetic importance (e.g., birth
mark) or those primarily related to prematurity (e.g., patent ductus
arteriosus) were not included. We also assessed the determinants
of treatment for maternal syphilis and examined the associations of
maternal antibody level and gestational age at initiation of
treatment with congenital syphilis. Residence status was con-
sidered an important risk factor in the analysis of the overall
maternal syphilis rate and as a determinant of treatment for
maternal syphilis. In this analysis, residents were divided into two
groups: permanent residents and migrating population. The
migrating population consists mostly of migrants from rural areas
without ofﬁcial resident status in Shanghai. There are two
categories of migrants in Shanghai. The ﬁrst is termed ‘talented
personnel’. These people are highly educated and come to Shanghai
for employment or business development purposes without
changing their household registration. They can apply for the
‘Residence Permit in Shanghai Municipality’. If they obtain the
residence permit, they are able to access social security, common
reserve funds for housing, and other beneﬁts that apply to Shanghai
permanent residents. The second category is termed ‘out-of-town
employees’. This refers to people from other regions or provinces
without permanent Shanghai residence registration. A prolonged
stay in Shanghai will not result in a change of status from non-
resident to resident. These people mostly do low-paid labor work.They can only access three insurance beneﬁts: industrial injuries
(or unexpected injuries), critical hospital care, and old-age
allowance. For most of the out-of-town employees (mostly males),
their spouses usually have no job and do not have any social
insurance at all. The vast majority of the migrating population
belong to the second category. In our study, only the second
category of migrants was included in the migrating population
group. The ﬁrst category was included in the Shanghai permanent
residents group. Our previous study found that the migrating
population are at a substantially increased risk of maternal
mortality compared with permanent residents in Shanghai.5
SPSS software was used for data analysis (SPSS Inc., Chicago, IL,
USA).
Results
From 2002 to 2006, a total of 535 537 pregnant women in
Shanghai were included in the ﬁnal analysis. During the study
period, more than 95% of pregnant women had a syphilis screening
test. A total of 1471 maternal syphilis (298.7 per 100 000 live
births) were identiﬁed, and among them, 334 congenital syphilis
cases (62.4 per 100 000 live births) developed. The rate of maternal
syphilis was 156.2 per 100 000 live births in Shanghai residents
and 371.7 per 100 000 live births in the migrating population
(p < 0.001). Excluding the skilled migrants from the Shanghai
residents group yielded essentially identical results (data available
upon request).
Figure 1 shows the trends in maternal syphilis in Shanghai.
From 2002 to 2006, the rate ofmaternal syphilis ranged from 219.4
to 313.3 per 100 000 live births, with an increase from 2002 to
2005, but a slight decrease in 2006 (p < 0.001).
Table 1 shows a comparison of the outcomes of infants born to
mothers with complete treatment and those born to mothers with
incomplete treatment. The rates of congenital syphilis, fetal death,
neonatal death, and major birth defects were much higher in the
incomplete treatment group than in the complete treatment group
(Table 1).
Table 2 shows the determinants of compliance to treatment for
maternal syphilis. Overall this was a population of very low
socioeconomic status, especially in the migrating population, with
more than half jobless and more than a quarter with an education
level below junior high school. However, among cases with
maternal syphilis, only lowermaternal and paternal education and
abnormal reproductive history were associated with poor com-
pliance to treatment (Table 2).
Table 3 shows the association between initial maternal serum
RPR titer and rate of congenital syphilis. The rate of congenital
syphilis was 16.9% in mothers with an RPR titer of 1:8, while the
rate was 40.2% in mothers with an RPR titer of 1:16 (Table 3).
Table 1
Comparison of outcomes for infants born to mothers with complete syphilis
treatment and those with incomplete treatment in Shanghai, China, 2002–2006
Infant outcome Complete
treatment
(n=1079)
Incomplete
treatment
(n=392)
OR (95% CI)
n % n %
Congenital syphilis 135 12.5 199 50.8 4.06 (3.14–5.24)
Fetal death 59 5.5 119 30.4 5.58 (3.98–7.82)
Neonatal death 6 0.56 43 11.0 20.2 (8.54–47.81)
Major birth defects 5 0.46 15 3.8 8.55 (3.07–20.75)
OR, odds ratio; CI, conﬁdence interval.
Table 3
Association between initial maternal RPR titer and occurrence of congenital
syphilis, Shanghai, China, 2002–2006
Maternal
RPR titer
No. maternal
syphilis cases
No. congenital
syphilis
% congenital
syphilis
1:8 1103 186 16.9
1:16 368 148 40.2
RPR, rapid plasma reagin.
p<0.05 for rates of congenital syphilis between 1:8 and 1:16.
Table 4
Association between gestational age at initiation of treatment and occurrence of
congenital syphilis, Shanghai, China, 2002–2006
Gestational age at
initiation of treatment
No. maternal
syphilis cases
No. congenital
syphilis
% congenital
syphilis
<12 weeks 189 18 9.5
13–15 weeks 121 20 16.5
16–19 weeks 187 31 16.6
20–27 weeks 342 90 26.3
28 weeks 630 175 27.8
p<0.05 for trend analysis.
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initiation of treatment and the occurrence of congenital syphilis. It
is clear from this table that the earlier the treatment was initiated,
the less likely congenital syphilis was to occur (Table 4).
Discussion
In recent years, especially since 2004, the incidence of maternal
syphilis in pregnancy has been on the increase in Shanghai. The
compulsory premarital medical examination was lifted in China in
2003. Whether the change in this policy has resulted, at least in
part, in the resurgence of maternal syphilis, deserves further
investigation. For example, some cases of syphilis that could have
been detected by premarital medical examination and treated
prior to pregnancy, would not have been detected because of this
change in policy. The only demographic information available for
all pregnant women in our study data was residence status. With
this available information, we estimated that the rate of maternal
syphilis was 156.2 per 100 000 live births in Shanghai residents
versus 371.7 per 100 000 live births in the migrating population
(p < 0.001). The migrating population is a socioeconomically
disadvantaged group, especially with regards to maternal and
perinatal health. Our previous study revealed a major inequality
problem inmaternalmortality in Shanghai: thematernalmortalityTable 2
Determinants of compliance to treatment for maternal syphilis in Shanghai, China, 200
Characteristics No. maternal syphilis
cases (n=1471)
Resident status, n (%)
Shanghai resident 469
Migrating population 957
Year of birth, n (%)
2002 197
2003 223
2004 297
2005 391
2006 363
Age, mean (years) 27.2
Employment status, n (%)
Not employed 888
Employed 583
Maternal education, n (%)
Lower than junior high school 332
Junior high school or above 1139
Husband education, n (%)
Lower than junior high school 204
Junior high school or above 1167
Abnormal reproductive history, n (%)
No 1343
Yes 128
Sex partners (life-time), n (%)
1 1072
2 399ratio of 61.36 per 100 000 live births in themigrating population in
the past decade (1996 to 2005) was almost ﬁve-fold the maternal
mortality ratio in Shanghai residents (13.02 per 100 000 live
births).5 While the maternal mortality ratio in Shanghai residents
declined dramatically from 22.47 per 100 000 in 1996 to 1.64 per
100 000 live births in 2005, the ratio in the migrating population
was reduced only moderately from 54.68 per 100 000 live births to
48.46 per 100 000, suggesting the disparity will continue and will
widen.5 About 60% of migrating women who died of a pregnancy-
related cause had an education level of only elementary school or
less, 22.1% were jobless, and 64.7% had no prenatal visit. These
ﬁgures are comparable with the maternal syphilis cases in the
current study:more than half were jobless andmore than a quarter
had an education level below junior high school. All these statistics
are much higher than recent statistics from Shanghai,6 suggesting2–2006
No. incomplete treatment
cases (n=392)
% incomplete
treatment
p-Value
>0.05
108 23.0
284 29.7
45 22.8 >0.05
65 29.1
89 30.0
97 24.8
96 26.4
27.3 27.5 >0.05
>0.05
225 25.3
167 28.6
<0.05
119 35.8
273 24.0
<0.05
89 43.6
303 26.0
<0.05
346 25.8
46 35.9
>0.05
302 28.2
90 22.6
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syphilis. Furthermore, among cases with maternal syphilis, lower
education level was associatedwith poor compliance to treatment.
Maternal syphilis is an infectious disease that can attack the
whole body and is caused by T. pallidum transmitted through
sexual contact and vertically to the offspring. It was previously
believed that before 16 weeks of gestation, the trophoblastic layer
of the placenta can be a barrier to the infection. After 16 weeks, the
trophoblastic cells start to atrophy and become degenerate at 24
weeks, so that the Treponema can enter the fetal blood through the
placenta, causing an intrauterine infection. However, in recent
years, it has been found that trophoblastic cells exist during the
whole gestational period and that the Treponema can penetrate
the placenta at any time during pregnancy, resulting in sponta-
neous abortion, fetal birth, and congenital syphilis.7–10 When
maternal syphilis cases are left untreated, large numbers of T.
pallidum enter the placenta, resulting in chorionic vascular
intimitis and stromal cell proliferation. The number of villi
decreases and even the vessels are obstructed, resulting in
ischemia and hypoxia in the surviving fetus, leading to congenital
syphilis. The T. pallidum load has a direct positive relationship with
the severity of infant disease, and is one of the key factors
inﬂuencing the prognosis in infants. In our analysis of Shanghai
data, the occurrence of various adverse outcomes, such as
congenital syphilis, fetal death, neonatal death, and major birth
defects, were much higher in the untreated group than the treated
group, re-emphasizing the importance of early detection and
treatment.
Alexander treated 340 maternal syphilis cases with 2.4 million
units of long-acting penicillin, by weekly injection for three
weeks.7 The treatment success rate was 98.2%. However, another
study showed that congenital syphilis still occurred in 14% of
maternal syphilis cases after appropriate treatment,11 which is
similar to our data. The differences in reported effectiveness of
treatmentmay be related to the differences in the patients selected
for study. For example, some women are allergic to penicillin and
Zhou et al. reported that for womenwho were allergic to penicillin
the effect of an alternative treatment (i.e., azithromycin 1 g daily
orally or intravenously) was suboptimal.12 Our data show that
women with a low level of education and abnormal reproductive
history were at increased risk of being untreated, suggesting that
extra effort should be made to help these women comply to
treatment.
Our data show that the infant outcomes were better in mothers
with lower levels of initial RPR antibodies, and gestational age at
treatment also inﬂuenced the prognosis of neonates: the earlier the
screening and the initiation of treatment, the better the infant
outcome. Congenital syphilis is preventable. Complete resources
for infection tracing, adequate prenatal care, proper syphilis
screening, and standardized treatment and follow-up can prevent
90% of congenital syphilis.13,14 As themain interventionwithin the
comprehensive measures, the screening of syphilis has good cost-
effectiveness. Prenatal screening, conﬁrmed diagnosis, and stan-
dardized therapy of positive cases have reduced the incidence of
congenital syphilis. In order to control congenital syphilis, the
Shanghai Government implemented the program of Prevention
and Treatment Measures of Prenatal Syphilis in November 2001,
requiring screening, diagnosis, treatment, and follow-up of syphilis
in pregnant women and their offspring.Among the sexually transmitted diseases, syphilis is one of the
most harmful for women and their offspring. Many developed
countries in the world have routine screening during pregnancy.15
Mother-to-infant transmission of syphilis can be prevented
through screening, follow-up, and standardized treatment.4,16
The resurgence of congenital syphilis has also occurred in
industrialized countries. For example, according to unpublished
data, for the decade prior to 2005, zero to three cases of congenital
syphilis were reported per year in Canada. Since then, the number
of reported cases of congenital syphilis has increased signiﬁcantly:
7 to 8 reported cases a year (Dr Wong, personal communication).
Congenital syphilis is an inevitable consequence of undetected
and untreated syphilis in a pregnant woman. Universal screening
in pregnancy, even if the positive yield from the test is low, remains
the cornerstone of congenital syphilis prevention. Programmatic
attention to testing, treating, education, and contact tracing in
pregnancy and subsequent late trimester retesting of women at
high-risk, will lower congenital infection rates.
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